1. Introduction
===============

Ankle fractures are 1 of the most common clinical fractures requiring surgical treatment.^\[[@R1]\]^ Severe ankle fracture is associated with disruption of distal tibiofibular syndesmosis, and distal tibiofibular syndesmosis injury accounts for approximately 13% of all ankle fractures.^\[[@R2],[@R3]\]^ Inadequate treatment of distal tibiofibular syndesmosis injury may lead to instability of the ankle joint, persistent ankle pain, and function disability, eventually resulting in osteoarthritis.^\[[@R4]\]^ Therefore, it is necessary to maintain an anatomically stable reduction and fixation for treating ankle fractures associated with distal tibiofibular syndesmosis injury.

Cortical screw fixation is the traditionally used method for treatment of distal tibiofibular syndesmosis injury.^\[[@R3]\]^ Several concerns persist regarding the use of screw fixation for treating syndesmotic injury. For example, screw fixation requires removal of the implanted screws at 6 to 16 weeks after surgery, and if the screws are not removed, screw loosening and breakage, local stimulation or osteolysis may occur after weight-bearing movement of the affected limb.^\[[@R5]--[@R9]\]^ Even if the screws are not broken upon weight-bearing exercise, the presence of the screws may be associated with poor ankle function.^\[[@R10]\]^ Surgical removal of the screws not only increases medical costs due to reoperation, but also is associated with an increase in the complication rate by approximately 22%.^\[[@R11]\]^ Therefore, it is important to identify alternatives to screw fixation for treating distal tibiofibular syndesmosis injury.

To avoid the disadvantages of cortical screw fixation related to screw removal, several studies have adopted bioabsorptive screw fixation instead of metallic screw fixation for treating distal tibiofibular syndesmosis injury and achieved satisfactory outcomes.^\[[@R12]--[@R14]\]^ However, similar to metallic screw fixation, bioabsorptive screw fixation is also associated with some disadvantages such as loss of reduction and high medical costs. Recently, the suture-button fixation method has been used to treat distal tibiofibular syndesmosis injury using braided polyethylene sutures.^\[[@R15]\]^ It has been reported that suture-button fixation is as effective as screw fixation mechanically and allows more flexible movement of the distal tibiofibular joint.^\[[@R16],[@R17]\]^ However, suture-button fixation can be associated with some complications such as osteolysis and subsidence of the device that require removal of the sutures,^\[[@R18]\]^ and is also associated with a high incidence of soft tissue complications.^\[[@R19],[@R20]\]^ In addition, since the biomechanical sutures are relatively expensive, identifying a relatively less expensive material is necessary to reduce medical costs to patients with distal tibiofibular syndesmosis injury.

Gough et al. demonstrated that flexible sutures are biomechanically feasible for fixation of the injured distal tibiofibular syndesmotic joint in cadavers.^\[[@R21]\]^ Miller et al. reported that a flexible suture is a viable alternative to screw fixation for repairing distal tibiofibular syndesmotic joint injury.^\[[@R22]\]^ We modified the internal fixation method and repaired distal tibiofibular syndesmosis injuries using a tendon suture (size, 5; Covidien). This suture has some advantages such as low cost, good biomechanical strength, and high biocompatibility and is widely used in orthopedic surgeries. However, it remains unclear whether tendon suture fixation is effective for treating distal tibiofibular syndesmosis injury. The purpose of this study was to investigate the effectiveness of tendon suture fixation in the treatment of distal tibiofibular syndesmosis injury in comparison with cortical screw fixation.

2. Methods
==========

2.1. Patients
-------------

The study was approved by the Medical Ethics Committee of People\'s Hospital of Pengzhou City, and all patients gave their informed consent prior to their inclusion in the study. This prospective case-control study recruited 42 consecutive patients with distal tibiofibular syndesmosis injury, who visited our hospital between January 2014 and July 2017. Power analysis was performed with a power value \>0.95, and thus the study had enough statistical power to validate the stengthth of the conclusion. Patients with a type B, C1 or C2 fracture according to the Danis-Weber classification were included in the study. The exclusion criteria were as follows:

1.  preoperative T score \<--2.5 measured by dual-energy x-ray absorptiometry;

2.  body mass index \>25 kg/m^2^;

3.  no instability of the tibiofibular syndesmosis on intraoperative Cotton tests;

4.  no recovery of the tibia to normal length after surgery; and

5.  no postoperative anatomical reduction of the medial malleolus, lateral malleolus or posterior malleolus.

The patients were randomly assigned to 2 groups using a random number table for treatment with: cortical screw fixation (n = 21) or tendon suture fixation (n = 21). The treatment options were informed to the patient prior to the surgery, and the final treatment was decided by the patient if the random treatment method was not accepted by the patient. All patients underwent measurement of bone density by a double-energy X-ray absorptiometry, X-ray radiography to observe the anterioposterior and lateral views of the ankle joint, and computed tomography (CT) examination of the ankle joint preoperatively.

2.2. Surgical approaches
------------------------

All patients underwent either continuous epidural anesthesia or combined spinal anesthesia. For patients with contraindications for theses anesthesia procedures, general anesthesia was performed. The patient was placed in a supine position. After exposure of the fracture, the medial malleolus fracture was first reduced, and the deltoid ligament was repaired if necessary. For patients without medial malleolus fracture, the deltoid ligament was repaired after exploration. Then, the lateral malleolus or the fibula was reduced and fixed. If preoperative radiologic findings showed separation of the tibiofibular syndesmosis, especially for the Danis-Weber type C1 and C2 fractures, cortical screw fixation or tendon suture fixation was performed to repair the tibiofibular syndesmosis injury. If preoperative radiologic findings showed no obvious separation of the tibiofibular syndesmosis, especially for Danis-Weber type B fractures, intraoperative Cotton test was performed by lateral pull of the fibula using a bone tenaculum. If obvious instability of the tibiofibular syndesmosis occurred, cortical screw fixation or tendon suture fixation was performed. If no obvious instability of the tibiofibular syndesmosis was found, intraoperative C-arm X-ray imaging was performed during the Cotton test. Widening of the tibiofibular space on the X-ray images indicated the instability of the tibiofibular syndesmosis, and cortical screw fixation or tendon suture fixation was performed. After fixation, C-arm X-ray imaging was performed again to confirm the stability of the tibiofibular syndesmosis, and reduction and fixation of the posterior malleolar fracture was performed if the patient had the following signs:

1.  fracture areas accounted for \>25% to 30% of the inferior articular surface of the tibia,

2.  subluxation or dynamic instability of the ankle joint; and

3.  \>2 to 3 mm step-off of the inferior articular surface of the tibia. When the stability of the tibiofibular syndesmosis and recovery of the normal anatomic structure of the ankle were achieved, the incision was cleaned and closed in layers after placement of a drainage tube.

For patients who underwent cortical screw fixation, the ankle was placed in a 5-degree dorsiflexion position. A 3.5-mm cortical screw was inserted at 2 to 3 cm above the articular surface of the distal tibia and passed through the fibula. If a plate was placed lateral to the fibula, the cortical screw was passed through the plate hole, angling 20 to 30 degrees posteroanteriorly in the horizontal plane and paralleling the articular surface of the distal tibia. Depending on the resistance upon inserting the screw, 3 cortices, including 2 cortices of the fibula and the lateral cortex of the tibia (commonly used), or 4 cortices, including 2 cortices of both the fibular and tibia, were fixed.

For patients who underwent tendon suture fixation, the ankle was placed in a 5-degree dorsiflexion position. Two holes at a distance of approximately 1 cm were drilled at 2 to 3 cm above the articular surface of the distal tibia, passing through the fibula and angling 25 to 30 degrees posteroanteriorly in the horizontal plane. An incision was made at the medial side of the fibula to facilitate the passage of a tendon suture. A tendon suture (size, 5; Ti-Cron^TM^ nonabsorbable coated braided polyester suture; Covidien) was passed through the 2 holes and knotted at the lateral side of the fibula. If a plate was placed lateral to the fibula, the tendon suture was passed through the plate hole and knotted there (Fig. [1](#F1){ref-type="fig"}).

![Surgical procedures for patients with tendon suture fixation. A, B. Preoperative (A) and postoperative (B) anterioposterior X-ray images of the ankle joint. Blue lines indicate the position of the tendon suture used to fix the tibiofibular syndesmosis injury. C. Postoperative lateral X-ray image of the ankle joint. Blue lines indicate the knot of the tendon suture at the plate placed lateral to the fibula. D. Intraoperative photograph showing that the tendon suture was knotted at the plate placed lateral to the fibula. E. Intraoperative photograph showing that the tendon suture was knotted at the lateral side of the fibula.](medi-99-e21573-g001){#F1}

2.3. Postoperative management
-----------------------------

At 1 day after surgery, the patient was instructed to actively flex and extend the hip, knee, and ankle joints of the affected limb. Based on the patient\'s pain tolerance, the patient was encouraged to get out of the bed and move with crutches, but weight-bearing movement of the affected limb was not allowed. The patient was discharged at 3 to 10 days after surgery, and was followed up every 1 to 2 weeks at the Outpatient department. At 6 weeks after surgery, the patient started gradual weight-bearing movement of the affected limb until full weight-bearing exercise was achieved. For patients treated with cortical screw fixation, the syndesmotic screw was removed at 12 weeks after surgery.

2.4. Patient follow-up
----------------------

The operation time, volume of blood loss during surgery, the time to full weight-bearing activity, and the medical cost were recorded. The patients were followed up at 3 days, 3 months, and 6 months after surgery. During the follow-up period, all patients underwent X-ray radiography of the ankle. Ankle function was evaluated using the Baird-Jackson ankle scoring system (including pain, ankle joint function, and ankle X-ray radiograph) as follows: excellent, 96 to 100; good, 91 to 95; fair, 81 to 90; and poor, \<80.^\[[@R23]\]^ Ankle pain was evaluated using visual analog scale (VAS). Postoperative complications were also recorded, including wound infection, skin irritation or necrosis, non-healing fracture, loosening and breakage of internal fixation, and re-separation of the tibiofibular syndesmosis.

2.5. Statistical analysis
-------------------------

Statistical analyses were performed using SPSS 18.0 (SPSS Inc., Chicago, IL). Quantitative data are expressed as means ± standard deviation. Analysis of variance was used to identify differences in the means among groups. The Mann-Whitney test was used to identify a difference in ankle function between the 2 groups. A *P* value \<.05 was considered statistically significant.

3. Results
==========

A total of 42 patients with lower tibiofibular syndesmosis injury were enrolled in this study. Of the 42 patients, 31 patients were male, and 11 patients were female. The causes of distal tibiofibular syndesmosis injury included fall injury in 20 cases, automobile accident in 13 cases, sprain in 5 cases, falling from a height in 3 cases, and crush injury by a heavy object in 1 case. The average time between the injury and operation was 7.4 ± 2.6 days (range, 2--13 days). The average age of the patients was 37.2 ± 10.5 years (range, 19--64 years). Of the 42 patients, 21 patients received cortical screw fixation, and the other 21 patients received tendon suture fixation. There were no significant differences in age, sex, and type of fracture between the 2 groups (*P* \> .05, Table [1](#T1){ref-type="table"}).

###### 

Baseline characteristics of the patients in the 2 treatment groups (group A = cortical screw fixation group, group B = tendon suture fixation group).
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The operation time, volume of blood loss during surgery, time to full weight-bearing activity, and medical cost were compared between the groups treated with cortical screw fixation and tendon suture fixation (Table [2](#T2){ref-type="table"}). There was no significant difference in intraoperative blood loss between the 2 groups (97.0 ± 26.5 ml for screw fixation vs 97.1 ± 24.3 mL for suture fixation; *P* \> .05). However, the operation time was significantly less for screw fixation (57.1 ± 5.3 minute) than for suture fixation (63.3 ± 6.3 min; *P* = .01). In addition, the time to full weight-bearing activity was 10.9 ± 2.7 months after screw fixation, which was significantly longer than that after suture fixation (7.1 ± 1.9 months; *P* \< .001). The average medical cost was 1861.6 ± 187.3 USD for screw fixation, which was much greater than that for suture fixation (1209.6 ± 97.6 USD; *P* \< .01).

###### 

Intraoperative and postoperative results for the 2 treatment groups.
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We then compared ankle function at 3 days, 3 months, and 6 months after surgery between the 2 groups (Table [3](#T3){ref-type="table"}). According to the Baird--Jackson ankle scoring system, at 3 days after surgery, the ankle function was good in 2 cases, fair in 11 cases, and poor in 8 cases of the cortical screw fixation group, resulting in a rate of excellent and good function of 9.5% (2/21). The same rate of excellent and good function (9.5%, 2/21) was found in the tendon suture fixation group (Table [3](#T3){ref-type="table"}). However, at 3 months after surgery, ankle function was excellent in 7 cases, good in 8 cases, fair in 4 cases, and poor in 2 cases in the tendon suture fixation group, for a rate of excellent and good function of 71.4% (15/21), which was significantly higher than that in the screw fixation group (33.3%, 7/21; *P* = .03, Table [3](#T3){ref-type="table"}). At 6 months after surgery, the rate of excellent and good function was comparable between the 2 groups (85.7% \[18/21\] with screw fixation vs 90.5% \[19/21\] with tendon fixation; *P* \> .05, Table [3](#T3){ref-type="table"}).

###### 

Ankle function at 3 d, at 3mo, and 6 mo after surgery.
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We compared the patients' ankle pain at 3 days, 3 months, and 6 months after surgery between the 2 groups (Table [4](#T4){ref-type="table"}). The VAS scores at 3 days after surgery were not significantly different between the 2 groups (*P* \> .05). However, at 3 months after surgery, the mean VAS score was significantly less in the suture fixation group compared with the screw fixation group (*P* = .005). At 6 months after surgery, the VAS scores again were not significantly different between the 2 groups (*P* \> .05).

###### 

Postoperative pain at 3 d, 3 mo, and 6 mo after surgery.

![](medi-99-e21573-g005)

Of all 42 cases, no skin necrosis, non-healing fracture, loosening of internal fixation, and re-separation of the tibiofibular syndesmosis occurred. In the screw fixation group, skin redness and tenderness occurred at postoperative 12 week after the screw was removed in 1 patient who had normal values for C reactive protein and routine blood tests. The wound had healed at 2 weeks after dressing change with no sinus formation. In the suture fixation group, subcutaneous nodules at the knot site occurred at 4 weeks after surgery in 1 patient. The suture knot was palpitated on the surface of the skin, and the skin was not broken. The tendon suture was removed under local anesthesia at 12 weeks after surgery. The wound had healed at 2 weeks after dressing change with no sinus formation. In addition, screw breakage occurred in 1 case in the screw fixation group. The tibiofibular space was not widened, and the ankle functioned well.

4. Discussion
=============

Although screw fixation is the traditional method for treating distal tibiofibular syndesmosis injury,^\[[@R24],[@R25]\]^ use of suture-button fixation has recently increased in clinical practice. In the present study, we used a tendon suture (size, 5; Covidien) to fix distal tibiofibular syndesmosis and compared the effectiveness of this tendon suture fixation with cortical screw fixation for the treatment of distal tibiofibular syndesmosis injury. We found that in comparison with cortical screw fixation, tendon suture fixation was associated with a shorter time to full weight-bearing activity, quicker recovery of ankle function, and reduced ankle pain at 3 months after surgery. In addition, the medical cost for patients was significantly lower with tendon suture fixation compared with cortical screw fixation. Although the operation time was significantly less for screw fixation (57.1 ± 5.3 min) than for suture fixation (63.3 ± 6.3 min; *P* = .01), the 6-minute difference is not clinically relevant. Our study suggests that tendon suture fixation is an effective fixation method for surgical repair after distal tibiofibular syndesmosis injury and may be used as an alternative to cortical screw fixation.

A long and stable fixation is important for repair after distal tibiofibular syndesmosis injury, because repair of the fracture and injured ligament in the tibia and fibula is a slow process due to the poor blood supply to the tibiofibular joint.^\[[@R26]\]^ Therefore, in clinical practice, the patient is commonly instructed to avoid all weight-bearing movement of the affected limb for at least 12 weeks after surgery.^\[[@R8]\]^ The screws are commonly removed at 12 to 16 weeks after surgery. Otherwise, the screw is likely to be broken upon weight-bearing exercise, resulting in loss of internal fixation and separation of the tibiofibular syndesmosis.^\[[@R27]\]^ Even though it has been reported that screw breakage has no effect on the recovery of ankle function,^\[[@R28]\]^ broken screws are commonly not accepted by the patient if not removed. In addition, surgical removal of the screw becomes more difficult after postoperative 12 weeks.^\[[@R27]\]^ Liu et al recommended that the screw should be removed as early as possible after the ankle fracture has healed.^\[[@R29]\]^ Therefore, in this present study, the screws were removed at 12 weeks after surgery for all patients treated with cortical screw fixation.

Weight-bearing movement of the affected limb improves the recovery of ankle function, as long-term non-weight bearing mobilization can result in rigidity of the ankle joint, which delays the recovery time. Kocadal et al. used CT imaging to investigate the reduction performance of screw fixation and found that the use of screw fixation resulted in a poor restoration of the fibular rotation in the treatment of syndesmotic injuries.^\[[@R30]\]^ Because normal ankle function requires external rotation and posterior displacement of the distal fibula,^\[[@R31]\]^ screw fixation restricts the movement of normal motion of the fibula, thus limiting the biomechanical function of the ankle. Therefore, recent studies have tried to identify new alternative fixation methods to replace screw fixation for the treatment of distal tibiofibular syndesmosis injury.

Several fixation methods such as suture-button fixation, tightrope fixation, and syndesmotic hook fixation have been used in the treatment of distal tibiofibular syndesmosis injury, and satisfactory outcomes have been achieved using these methods.^\[[@R25],[@R32],[@R33]\]^ Recently, suture-button techniques have been popularized for the treatment of distal tibiofibular syndesmosis injury, and several studies have reported that suture-button fixation can achieve satisfactory outcomes.^\[[@R25],[@R33]--[@R38]\]^ A recent systematic review reported that suture-button fixation is associated with a better objective range of motion, an earlier return to work, and lower rates of implant removal, implant failure, and malreduction, compared with screw fixation, though similar functional outcomes as measured by the AOFAS score and postoperative complication rates were found.^\[[@R15]\]^ In addition, a meta-analysis by Gan et al has reported that dynamic fixation using suture-button fixation results in similar clinical outcomes for the treatment of distal tibiofibular syndesmosis injury compared with static fixation using screw fixation but is associated with a reduced requirement for secondary intervention.^\[[@R39]\]^ In this study, we used tendon suture fixation for the treatment of distal tibiofibular syndesmosis injury and found that, in comparison with screw fixation, tendon suture fixation was associated with a similar clinical outcome at 6 months after surgery, but quicker ankle function recovery and reduced ankle pain at 3 months after surgery.

Recently, Wang et al reported that a novel elastic bionic fixation provided stable and reliable fixation with good functional recovery and relatively fewer complications in the treatment of distal tibiofibular syndesmosis injury.^\[[@R40]\]^ However, these new biomechanical materials are relatively expensive and may be associated with some unknown complications. Therefore, it is necessary to identify an effective fixation method that is associated with low medical costs and easy to put into widespread use. In the present study, we selected a tendon suture (size, 5; Covidien) for fixation of distal tibiofibular syndesmosis, because this tendon suture has been demonstrated to have sufficient strength and biocompatibility in clinical use for treating conditions with high tension such as knee ligament injuries, Achilles tendon injuries, and tibial fractures. The tendon suture is not absorptive and thus can maintain persistent strength for fixing the tibiofibular joint for an extended time. The flexible biomechanical properties of the tendon suture enable normal movement of the distal fibula and avoid the shear force caused by the screw. However, because the tendon suture is thick and smooth, and at least 3 knots are required to provide sufficient fixation, subcutaneous nodules caused by the suture knots may occur in thin patients, and removal of the tendon suture may be required. In the present study, subcutaneous nodules formed in only 1 thin patient, and removal of the suture was performed in this patient.

In the present study, we also found that the use of the tendon suture fixation reduced the medical cost to the patient by approximately 650 USD compared with screw fixation. This lower medical cost may be due to the cheaper cost of the tendon suture and the cost saving of avoiding a second operation for screw removal. In addition, we also found that complications occurred in 2 cases with screw fixation, and only 1 case with tendon suture fixation. Fewer complications may also reduce the medical cost to the patient.

This study has some limitations. First, MRI and CT, which offer greater accuracy in the diagnosis and evaluation of distal tibiofibular syndesmosis injury,^\[[@R41],[@R42]\]^ were not used. Only X-ray radiography was performed for all patients in order to reduce the medical costs to the patients. In addition, during operation, a cortical screw or tendon suture was used to fix the fibula to the tibia in order to avoid rotation and dislocation of the fibula on the longitudinal axis. We also excluded the patients who had no postoperative anatomical reduction. Thus, all patients met the following criteria for anatomical reduction:

1.  anterioposterior X-ray image showing the medial joint gap was ≤4 mm and the upper joint gap was ≤2 mm;

2.  the inferior tibiofibular joint space was \< 5 mm, and the overlay between the anterior tibial tubercle and the fibula was ≥10 mm; and

3.  the fibula was not shortened, rotated, or angled.

Because no case showed rotation and dislocation of the fibula, and all cases achieved anatomical reduction, we think that X-ray imaging provides sufficient follow-up information without a need for routine CT imaging. Second, the sample size of this study was relatively small (n = 21 per group). Future studies with a larger sample size are needed to confirm the findings of this study. Third, the patients were followed up for a relative short period (6 months). Further study with a long-term follow-up period is required to investigate the effectiveness of tendon suture fixation for the treatment of tibiofibular syndesmosis injury.

In summary, we compared the effectiveness of tendon suture fixation versus cortical screw fixation for the treatment of tibiofibular syndesmosis injury and found that tendon suture fixation was associated with quicker recovery of ankle function, reduced ankle pain, shorter time to full weight-bearing activity, and lower medical cost to the patient compared with screw fixation. Our findings suggest that tendon suture fixation is an effective fixation method for the treatment of tibiofibular syndesmosis injury.
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